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ABSTRACT
Synthesis of Silica Nanoparticle Embedded

Pheny|-Viny|-Based Polysiloxane Resins for LED
Encapsulants and Development of VOCs Sensor Based on

DBR Porous Silicon

Shin Gee Roo

Advisor : Prof. Sohn, Honglae, Ph.D,
Depar tment of Chemistry,

Graduate School of Chosun University

chapter one. The metal oxide nanoparticle embedded phenyl-vinyl-based
polysiloxane resins were synthesized from the reaction of
pheny|-vinyl-oligosiloxane (PVO), phenyltris(dimethylsiloxy)silane, and
hydride—modified silica nanoparticles in ethylene glycol dimethyl ether
through hydrosilylation with Pt catalyst at 150 °Cfor3n.PV0 has been
was synthesized by nonhydrolytic sol-gel condensation process from the
reaction of vinyltrimethoxysilane (VIMS) and diphenylsilanediol (DPSD).
Hydride—modified silica nanoparticles were synthesized from a direct
reaction of silica nanoparticle in neat chlorodimethylsilane solution.
Hydride—silica nanoparticles were characterized using FT-IR
spectroscopy. The silica nanoparticle embedded phenyl-vinyl-based
polysiloxane resins exhibited a refractive index of 1.561,
transmittance of 89.9%, and hardness of 48 (shore D).

chapter two. Adsorption and desorption characteristics of Distributed

_ix_
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Bragg Reflector porous silicon (PSi) were investigated under the
exposure of organic vapors. Distributed Bragg Reflector porous silicon
samples were prepared by an electrochemical etch of p+t+-type silicon.
The etching solution consisted of a 3:1 volume mixture of aqueous 48%
hydrofluoric acid and absolute ethanol. The typical etch parameters for
the generation of photoluminescent Bragg-reflective porous silicon
involved a periodic square wave current with 50 repeats. The surface
of Distributed Bragg Reflector porous silicon was characterized by a
FT-IR spectroscopy.

The shift of reflection band to the longer wavelength  under the
exposure of various organic vapors were observed.
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Chapter One.

Synthesis of Silica
Nanoparticle Embedded
Pheny |-Viny |-Based
Polysiloxane Resins for

LED Encapsulants
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2. Experiment

2.1. Generals

2 &8 2 standard vacuum line Schlenk techniqueE AIEGIUSH 2=
Stet2o 42 ol=2=2 Gl ASoIRACEH. Dichlorodiphenylsilane (97%)
Dt Chlorodimethylsilane (97 %),1t Etylene glycol dimethyl ether
(C4H1002,99%) Alfa  asearOlAl  PSHYUCH.  Silica  (Si0.
Nanopowder , 12nmavg99.8%) @} barium hydroxide monohydrate(Ba(OH)zH:0,
BH, 98%)= Sigma—aldrich OlAl oIH 2S04, Magnesium sulfate anhydride
(MgS04, 99%), Sodium bicarbonate(NaHCO;, 99.5%), Toluene, Diethyl Ether
= 0CI ol A +eoto ArE ALY, giise orz= SHOll
sodium/benzophenone= AFETHO 24A12F 014 &F A2l = ALZGHULE.
Phenyltris(dimethylsiloxy)silane(PH4),Platinum
cyclovinyImethyl-siloxane complex (Pt™[CH=Ch(Me)SiOls, Pt catalyst)@t
Vinyltrimethoxysilane (VIMS)2 &CI0IZ2IBHA 2SI AtE0HRUCE.

2.2. Synthesis
2.2.1. Preparation of Phenyl-vinyl-oligosiloxane

2.2.1.1. Synthesis of diphenylsilanediol (Compound 1)

X242 scheme 10l BE0F=QACEH. 272 2ectA3 (2L)0l S84 800 mL
Q2 Sodium bicarbonate 50 g (NaHCOs, 78.7 mmol)S £ wWBHAIZA =AA3|
SoAIZICH. O 08 822 0&d M=2(0C)2x: Y2 A2
Dichlorodiphenylsilane (DCOP) 75 g (CI.Si(CeHs)2, 39.5 mmol)ES Dropping
funnelOll Foil &A3I EILAIZICH. EIIF 22 HH BHS0| 23S 2F Al

Bt

—

010

‘-IOII

0|

—/

Jl <ol 2F 1A 2% wets KXt 8BS0l 262 =® Diethyl Ether 1
S FSotd =2 ZMHIIE M=o =IISE FEtlt.

HE |I| =2 Magnesium sulfate anhydride (MgS04)S Ol2dl =229l %
2 HHotD |5 ZMIIE Arsol G(HUAIZICH. e 2t ool JrE

Collection @ chosun



nio
ur nx

St E0H(Diethyl Ether)E 2X3l MHGHLD TolueneS ArZoH MZE
AEHCH, 2 BX2Z L&l Diphenylsilanediol (DPSD, Compound 1)& Ht
S UHAO| AXNOR ANFOH 482 80 %0ICH. L 0{& DPSD2 'H-NMRD
“C-NMR CIOIEl = CHED 2:CH.

my

<Compound 1>

2 NaHCOs
Cl—8i—1C1 L H0 HO—S8i—0H
2. Ether
CpHppCLySi CraH 1202581
Exact MMass: 251.99 Exact Mass: 216.06
Mol Wt.: 2532 Mol. Wt.: 216.31

Scheme 1. Reaction scheme of Compound 1.

2.2.1.2. Synthesis of Phenyl-vinyl-oligosiloxane resin

(Compound 2)
BtS Z2AHE scheme 20 2EH=ACH. 100 mL JtXIZ e A0 DPSD2A
VIMS 12l BHE =22 15 g (0.07 mol), 10.28 g (0.07 mol) Z12l12 0.026
Aotettt. e G2 oil bathE 80CS 2% 1J&HGHD

2SHBIHOH M Z0= Acetones AMEOICH. OIXKYS=Z2 FHE K|
Z0HE 2 otoll Jtgotd MHE OS 64 (212 A2 1 30 um) HEEZE 2

|
()]
|
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BHZ OHAIHA JHRotD St PO ==XI0F &0 /L.

<Compound 2>

OMe oH
Sio 81
A0 \©
\;\FO a‘SmO

/Sl\ Si Q
0770
"quve;) / N/
0 Si
4 OH l/o g \0@
Ba(OH), H,0 o~ /
ok . 0—S$i
Mo S‘l OMe % Si 80 T, reflux for 24hrs s ©\\ @ /l\\
o
§

Scheme 2. Reaction scheme of Compound 2

2.2.2. Si0, nanoparticle surface modification(Compound 3)

100 ml JEXIEel E2tA30 Si0. 0.5 g (0.008 mol)S &JI = Ar gas of

A WEHAIZICH. O CS 20 mL A2 XE AFE6t0W Chlorodimethylsilane
016 mol)& 2 22 = ether 50 ml

(0.0 O = 24A12t BtSAIRITH BrS=2
ArZot RS ZMIIZ WAIZICH.  BtS0l JEX &
|Std ether2 2~33] MIESHCH, SHE

1.5 ¢

i

Chlorodimethylsilane2 HMIHGI2| <
MHE22 FT-IRS OI25H0 2QI5HALH.

S o=
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<Compound 3>

T
Me=—Si=——NIe2
5 A
o 1 C &
OH NS 0 N A
I o, N I -
& —Si= % \ oY,
O /0780 - N 2 %
Si o S = =
0/ \O I / Lo} 5 = il
Y ol MO 1 - Chlorodimethylsilane | I
E—S'_i/ ;Si SI\O/SIi—E 2 T e e () e —:—?—:
- o
O T o O _/0 I. =
P P = P \ &
47 o<sr=0’ @ @ O o/
Sl K, b X
Fd
& \‘, } ] ‘2\9 >
AN 1S I

Scheme 3. Reaction scheme of Compound 3

2.2.3. Fabrication of Si0O2 nanoparticle surface
modification embedded polysiloxane

(Compound 4)

QUM BHE PVO =XI2! compound 31t HEHINEE Si0 nanoparticle2
Pt =0HoH0 ==A74AS PSS Sl MAEJCH. =BHC=Z JUHI=
polysiloxane JIEt2| hybrimerll &4 ZEXt= scheme 40 LIEHLH AL,

HOEOHEE Si0. 0.0052 g € 80 mL VialOl €2 Ct&, Ethylene glycol
dimethyl ether 75 mLE &JIotH 1 h =@t sonicationS &AISHCH. 1 O3
100 mL ZE2tA30 PVO resin 2 g, PH4 0.6 g, Pt =O0H(Platinum
cyclovinyImethyl-siloxane complex, Pt%[CH;=CH(Me)Si0l,) 2 sonication Al
21 Si0, & &EIIot 30 min & WBHAI2ICE. 1 = vaccum pump £ O|&35t
4 Ethylene glycol dimethyl ether& 2% HMIH8tCH. O Z23 EHet =8
MOl HEH XA = AL,
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<Compound 4>

\
o 0 ao\p CH; —Si—CH,
o A0 o ;
0~ 4
o ° Qe + H—Si—0—s +
Y Fd N | I
e 4 CH, s}

It
N2
™~

/0

)

L
$Me—8—M

v, o
& Nyt |
PVO &/ N,
PH4
CH;
" v
HC e
A Be, 4 Y
o g?“Q‘Q ) /HSCO\./CHj

Hydrosilylation ™
150°C,3h

Scheme 4. Reaction scheme

Collection @ chosun

of Compound 4

{a\d Ie— %i— Met,

P

: Silica NPs



3. Results and Discussion

W
I

measurements
tOd

ol

o EtE2 UW-vis spectrometer ( UV-2401 PC, Shimazu)E 0|2
2 refractometer (NAR-1T SOLID)2 =FoIRULH X
AT A AE AEIIQ 2EQI Durometer (GS-702N)2 ALESHH =
Ch. =8 H-NVRZH "C- NMRGIOIEI= Bruker AC-300 MHz spectrometer S

LQOHB[CH. FT-IR AHEZE diffuse reflectance(Spectra-Tech

fuse reflectance attachment)&f&lS 0|8+ Nicolet model 57002 Ol

i

0
0

Om Qb ne

2 R M0 2 0z
s N
|0
2
M
U
L]

O_
—

3.2. Synthesis and Characterization of Phenyl-vinyl-

oligosiloxane (PVO) resins

PVO resin? &4 Z=Z&= Scheme 11 Scheme 20 LIEFLHRACH. HX PVO
XNE &g4dot=d 228 M2 Diphenylsilanediol (OPSD)E =JI=2&
Dichlorodiphenylsilane2l chloroJdt H.0 BFSSHAHIEIO hydroxylationOl & 04
LI SHOIEEAIDIZ XIZEC. ol Bts & M4dZl= HCI2 sodium
bicarbonateE AI25I0I ZEAIZICH 2 £, 20T 4422 H NMRD
BC-NMRS S56t0 B2 0RE  E0QIGHQUCH.  Phenyl-vinyl-oligosiloxane
(PVO) resins (Compound 2)2 & &FXIQ! Vinyltrimethoxysilane (VTMS) 2t
Diphenylsilanediol (DPSD)E = hydroxide monohydrate (BH)St0i|
HES AMEG6HH Hl Ji==2c S-2 =SSz g4 AL 0f B

=2
A BHE VIMSZ2F DPSD AROIS| Bl Ji==20lf E-& FEESS FAAMI=

s

SOl =
ALES OfH = silanel 0.1 mol%E AtEotULH. HIJl E-Z2 =gEES=2
OPSD2t VIMSOIl U= SHOIESAIDl (-0H)2F BISAIDl (-OMe) AtOI2] =gHet

2SS Eo BE4t20 HE=20| MATZ YA siloxane bondJ)t EAEC.
A

QU= partial negative chargedt VIMSSl SiE &I&HH

0K

iz
oo
e

AT 01S6IHA 2A201 HEr=0| M=oy,

H
BISol0 &O0& PVO =Xl =284d2 F3Hotd JHREt oil HEHZ &
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FOIGICH. PVO resin®

o
%
il
0x
2
10
i
Jtan

KNHEASH, H NMRDE °C NMRS

222 1.5382 SHTIULCH.

3.3. Synthesis and Characterization of Si0O

nanoparticle surface modification

fele SHMEE2 SUHA 2EEO IS &2 Silicon oxideE 0/&dH0
AEE MESHRUCH.  HEEIHEE  Si0,  nanoparticle(Compound  3)2
Chlorodimethyl silaneS =Soil &S&ZUCH. ==& Si0, nanoparticle2 =
2 Si-OH group 22 =4 ZWQUACH. Si-0H group R-Si(R')H REE X
= sliane A H2AL LSz HUHN SFHS HEIIE FIIAII= HH

2 Si0, EH0 ZotAH S=0lZ 0 -0H
B O Z methoxy, ethoxy, chloro2|JF HEHA

=
HH JHE B = HEH0 /X HEIIEM £
=5

AE6t chloro JF —OH groupdt Bt
HMHoHAH =k, O Z1 Surface modification

1
2
x
rr
o
=
=
o
=1
>
—
>
=
@,
N
)
CD
ujo

0] 224 Sio, 2 =
oA Bolg Xl 28 Si-H ( 900 cm', 2100 cm') peak® C-H (2900 cm")
Si-0H (3500 cm™), Si-0-Si (1100 cm )= &tol & £ UAC

_10_
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Material

Properties

Refractive
index

Silica(Silicon
dioxide)

Mw : 60.08 g/mol
Form : naonopower
Paticle size : 12 nm
Bp : 2230 °C (lit.)
Mp : >1600 °C (lit.)

Zinc oxide

Mw : 81.39 g/mol
Form : naonopower
Paticle size : <100 nm

2.0

Zirconium(1V)

oxide

Mw : 123.22 g/mol
Form : naonopower
Paticle size : <100 nm
Bp : 5000 °C (lit.)
Mp : 2700 °C (lit.)
Density : 5.89 g/ml at 25 °C (lit.)

Titanium(1V) oxide

Mw @ 79.87 g/mol
Form : naonopower
Paticle size : 21 nm
Mp : 1850 °C, >350 °C (lit.)
Density : 4.26 g/ml at 25 °C (lit.)

2.27

Table 1. Propertie of Metal oxides

Collection @ chosun
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Figure 1. FT-IR data of (A) pure Si0z nanoparticle, (B) Si0O- nanoparticle

sur face modification
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3.4. Synthesis and Characterization of PVO resin
using Si02 nanoparicle surface modification

3.4.1. thermal curing of Si0> nanoparticle surface
modification embedded polysiloxane via

hydrosilylation reaction

Figure 2= PVO JIBtS] Si0. nanoparticle surface modification embedded
polysiloxanell HEHHOl SLEXNE EWHZELCH. ethylene glycol dimethyl
ether= dispersive agent&M HHIWEE Si0, E 1AI2H S¢t sonications
AAISHH 2FSHH 26 A2 = JUCH. 1O A& PVO =XI% PH4
(Phenyltris(dimethylsiloxy)silane)&  Platinum  cyclovinylmethyl -
siloxane complex (Pt%[CH,=CH(Me)SiOls, Pt catalyst) =0{ StOIM & A3t

ANZACH, HEHIHESE Si0, nanopariclel EHEZ20! Si-H= =0§ otoll PV02)

ol
il

vinyl 250
(o]

Artast BFZ(hydrosilylation reaction)S Sol M2 Z&
sttt. Ehee &
2

SE & 2H2 1 wt. 22 AIESoIRelH, ds == 15
0CUHIM Z3tet hardness, transmittance, refractive Index® =&EoIX
Ct.

_13_
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VIMS pPsD | | silica CISiMe,H
24h
: 24h
reflux
PVO Si0, surface modification |~|—| PH4
150 °C,3h
Pt. cat.
A 4

| Si0, embedded polysiloxane |

Figure 2. Procedure of polysiloxane-based resin using Si0O2 nanoparticle

sur face modification

3.5. Optical properties of SiO» nanoparticle surface

modification embedded polysiloxane

3.5.1. Transmittance
Zd Eillg AUEHEHZ LD SAMY 22 HsXH0 S5 JiIsd=2 =06t

Jl ot =AGHUCH. Si02 nanoparticle surface modification embedded

fi
polysiloxanel EMUs2 10 x 40 x 1mm 3AJI2 HMESIFSDH UV-vis
spectrometer (UV-2401 PC, Shimazu)E AIEol ENs2 SHOIPO. &0
=2 300~800 nm 2O mMEOMA LHZF2H, 1

hybrimer2 EUE2 450 nmOl A 89~90%2 E1t=

_14_
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Figure 3. Transmittance of Si0> nanoparticle surface modification

embedded polysiloxane after curing at 150C.

3.5.2. Reflective index, hardness

dEet g2 Ao HHetE  20I8tCt. Si0, nanoparticle surface
modification embedded polysiloxanell =ZE &1 dE-= FHSHSU &2
37121 10 x 40 x 1mmQ MEZ2 N ZESHH refractometer (NAR-1T SOLID)E=
dott. SEZ2W BZ 1.5652 =& ZULCE. deld == Durometer
(GS-702N) 2 =32 AAloted, O 20 &= EBZEHCZ 3A12 EE
S0l 482 SHEUO, 5AI2H01AS] AI2H0] EXE B2 B2 5022 =X

Z< XH0Iot

_15_
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I 1 31 4 8 &
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Figure 4. Hardness of Si0> nanoparticle surface modification embedded
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4. Conclusion

1. Dichlorodiphenylsilane(DCOP)S H.01t EHEGIO! Diphenylsilanediol
(OPSD)= &tM ot D, A&t DPSD2H VIMSES batium hydroxide monoh

ydrate (BH) =0Hot0l & A3t Phenyl-vinyl-oligosiloxane resin

H
= 2= & UAMALH

=l Si0, = =28 Silica®t Chlorodimethylsilanelt & A3t

3. Si0z nanoparticle surface modification embedded polysiloxane= Pt
=0l (Platinum cyclovinylmethyl-silox-ane complex, Pt%[CH»=CH(Me)Si
0]4) otOll &A= PVO0 X2 BEHIIESE Si0, ALOIS £=ARAZ BIS

4. L8t HZE polysiloxane= 150CHIA 3AIZ2F =0 & A3t 2= &I
st S42 oloh|flol 25, =2E el FUssS SFOAULL
BE= 48, =B E2 1.56501H FEU=2 450 nme IWHEOCAM 89~90 %=
SBHFJAL

5. 2 A0 A= metal oxide SUHM =2EE0| 1.462 Si0, & HHINE
AZA EHOtotL, Odelotd =& &01 1.5652 polysiloxanesS M
2= URUCH. SHXEH Zn0, Zr0z, Ti0: 22 =ZE0| =2 354320
HEIIEOM O =2 =ZE9 polysiloxane2 MEZE = US A2
A Z EICH

_17_
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6. Appendix

6.1. 'H-NMR and '"*C-NMR spectra

Figure 5. "H-NMR spectra of Compound 1.
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Figure 6. BC-NMR spectra of Compound 1.
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Figure 7. "H-NMR spectra of Compound 2.
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Figure 8. "C-NMR spectra of Compound 2.
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Chapter Two.
Development of VOCs
Sensor Based on DBR

Porous Silicon
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1. Introduction

21HIDI SIS HAME ME22 SEUL SHS d3sls g2oz Lk It
st(nanoscience) 2 Ltw JlZ(nanotechnology)!'0l 261 Z&stDUCH.
Lt Dpstol & 20kl OIRA Al2|E2 BIEX H22E AI2-s agl2
JolHol MIIstEtE A2 =50 L I019 JIZD ANE 2HGHE
24010, 1950= THOl Unlir™ et Turner™®ofl 250l BtESIOIECH 0 CH24
al2|&2(Porous Silicon)2 HUANQ| =2 422 Uk AclAES HWERA
OICt. J2lsti Ch2A Algj2e Algl2 QI0IHS SH XA [et

2= L AJINAEE == 00122 3AJINXKIS J|1=
Ol et 2 S0l 2 22 M (Photoluminescence) 2F 2 BHAFAE (Optical

= ECh HIIA &2l2 [0S E40ict of, G334
=]

—

S p—type 1t n-typeZ2
=20l €L p-type &2l22 S4(B)I 2=22 TEEOW AN Positive
hole2 JtXIY, P-typell Ct=4& &AlclZ22 & BrA(Optical reflectivity)2
sZs 0. D2ln n-type &2lE2 Q(P)0l E2x22 IO
Negative electrong RILIK, n-typell O34 2acl2g & L34
(Photoluminescence)ll S&Z JtRICH. 0lefst &Nl SEH4=2 2GtH O
o JIXststess =gXiste sstdM? DNAZE 2Xste MestE gl
drug delivery systems!"'©22 o128 % QUC}.

2 dR0NM=, O3 O34 &el&ZQl distributed-Bragg-reflector (DBR)
=4 AdelZ2 01800 FRE 7 M 4485 = LIZEH(Naphtha)E 2
A g = /A= Vs dMZAMe 82 Jitsd LOotE20XL 8. LIEE
(Naphtha)= 23 ZFAl 30 ~ 220C2 ==& HRANAN RS=HE=E Saea
o E8XOIH, =8 30 ~ 100C2 ZELIZELR 110 ~ 200TC2 =& Lt
EtZ2 LHANAICH LIZES] 44 =2 Table 1. SUA S n-hexane, toluene,
benzenell &= ZJ|&(vapor pressure)0l CtS&

_|
O S5, €&AI2 & BHALS] BIBIE T AFGHRALCE.

A

H

aclE2 HHO JIsu g

0l
ol
Tlon
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component weight %
Naphtha : Low boiling point naphtha 100 %
N-hexane 25-35 %
Xylene 25-35 %
Toluene 15-20 %
Cyclohexane 15-20 %
Pentane 15-20 %
Heptane[and isomers] 12.5-15 %
Ethylbenzene 57 %
Benzene 35 %
1,2,4-Tremethy |benzene 2-3 %
Sul fur 0-1.5%

Collection @ chosun

Table 2. Component of Naphtha
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2. Experimental Section

2.1. Materials & Instrument

2.1.1. Materials
distributed-Bragg-reflector (DBR) Ct24 2&Al2|2S  HIZo6H)|
0.0008 - 0.0012Q -cm 2 M& g2 2= p-t

<

204 (St. Louis, MO, USA, Sigma-Aldrich)2t =
(Sigma-Aldrich) 2 0|20l 3:1 Eg2MES AIZ2olUCt. L£& E

4> W

<l ol
pe(B-doped)2l &l2|2 <0IH

ArZotRACH. deld &J|stst® A4S ol AISE AA2E0sE 48% HF
A

cell2 Teflon cel |2 AEoIIU2H, MF2 =d2UHFI| ctH Keithley

2420(Cleveland, OH, USA, Keithley Instruments Inc.)S AIZ0IULCE.
=

Hd30= Ha (Pt) wireE, (1) d30= L=R0is (Al) B2 A

o
40
Q'E

Sensing

2.1.2. Instrument

acl2  fAolmo  dHIE dF=s  Sd2U=FIl ol keit

2420(Cleveland, OH, USA, Keithley Instruments Inc.)S AI=20ISULCt.

=l p-type CI24 &l2|ZE Ocean Optics USB-2000 spectrometer=2 AlE

MEO| Z BHAFA (Optical reflectivity)S SAoIQULCEH.

_26_
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St ZE0lZ= Toluene, n-hexane= OCIOIA Z2LSIH AIE
22 560l sodium/benzophenone=S AFE6H0 24A12F Ol
F A2l & Al2otC. 12l benzene(99% A.C.S regent)2 Sigma-Aldrich

hle

ot
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y
M
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2.2. Experiment
2.2.1. Preparation of DBR Porous Silicon Sample

OZd al2e A22 90IHE ®IIsEE0l A2s =500 Boo U
E30129] JIB1 LI-YUXE 2HsCH MIIGEE A
Ol LI”tAUAS DY, HF(Hydrofluoric acid) ot &%

Ol A= Hole2l == &0t HSiFe2t HE ot
o

)
o
(R
1A
|' (m]
[
ol
rH
0
o
E_I

s
I
o
£
02
i
=
i)
=
&

TN 2As IHEo =24 JIE2s g4 2

etching cell AMOI0 =0l T2 DEAIIILD, 1

1.5 cn® 2 TJ|12 =g} O-ring @2 JNHEAIZI =, 48% HF =2 N1} ===t
f

ethanol 2 3:1 HIE2 AWM HAES 20

mA -1 sec, 60 mA-9.6 sec&
X

5 Z
ot &0l 653 nme WEES s YWIMO U334 &el2s HHE & = U

Ct.
LA
F- [ F-
i F
H H H H F, - H F, F
Si ., /;/"'si, -, /,"S'i, H, i slf_)
7 o % e N SR
8i 5i 8i 5i Si S 8i 5i H
)
F_
F : F L iF 2
F._ T LF +2F SiFg~
H g2 HH A
— = T3
Si Si Si Si F
H+

Scheme 5. Mechanism of Si oxidation during the formation of PSi
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2.2.2. Optical characterization of DBR Porous Silicon
MIZt=l DBR Porous Silicon2 BHAF ATEZHZ2 (Ocean Optics S2000
spectrometer 2 =SHE £ UJULLH. BHAI ATEHS EHAH Z2 (white

light) 2 AIEotd &2I2 FA0IHe EH S0 90° 2=2 UAE = U
T = OIQUCH. AclE EHUA BHALE 22 CCD detectorl EUWAH H&XHOI
AMSZ2 HR ZBEEZ 85610 ABESES 018 £ QL. 2249 =XH
I 242 MEHEsS ot 38 0|ah =86t ACH.
b i T || S—
Lig]%t Sources CCD detector
(White or UV) Chngiito
I (OOIBase32 spectrometer)
Figure 9. Bench setup for optical characterization of DBR PSi
2.2.3. Detection of Naphtha vapors by DBR Porous
Silicon
DBR PSiQol sensing &&E figure 9 2 X0l figure 10 2 Z=Jt & X6t
O AAIGHELCH. S06tH M= & otol P-type DBR Porous Silicong €2
CIS, =20z EAIENS ZAIGICH. figure 8 IF 20| = BM UKE &
2|20l Organic Solution(N-hexane, Toluene, Benzene)S £, KRFHIZEL
B 1 L/min2 22 ArJtASE KAAIIIHEH Ar JIAIE I 01 (N-hexane,
£ NUHA S0 =8 It =L O34
— 28 —

Toluene, Benzene)

Collection @ chosun



alel29 J1Z(Pore)dll HAXIH 22 M B AHKI=

oF
L
>
[l
m
—
rir

o
0
I
0x
>
Y
r

10

ottt RIS S0122 Bts=S O

i
10
e
_O'j
2
10
00

g

tSJl oA ==&t Ar JIAE 33 Z

0 &I =83l MAHGHULCE.

Figure 10.
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3. Results and Discussion

3.1. Preparation result of the DBR PSi

= 7= 0.0008 ~ 0.0012 Qcm 2 M&sS 2= p-type &clE SAOIHE
AE3H0 160 mA - 1 sec, 60 mA - 9.6 secE 503| BH=5t0 MI|SEE Al2E
Soff IHEO0l 653 nm, FWHM 18 nm 2 & BHALA (Optical reflectivity) 2
2= B34 Ael2=2 MAGHRICH. 8229 Z&Xol E45 =0Iot)| <ol
Ocean Optics S2000 spectrometer £ AFEotH AHEHES =0l GHRULY.

e O 8
A f et Bragg equation : mA= 2(L;n;+L,n,)sin0
B W
S o i —
=l c') : bc"') . .

S m ; spectral order of optical fringe

P M il R ke

S S A: wavelength
Do e o

~y n ; refractive index

Figure 11. principle of reflectivity spectrum

o 0A
o
[
m
C
=)
>
ol
rc i
> =2
mipé'
e
C =
Bu_l%
-z
LT
N

g2 5 oA S4 AelE 52 FH ol ek stutel m&Ee 82420y
2 ol CIE otLe mEeS AM2LES ol ol 228 Y A2t S A
2 Figure 11 2t 20| Bragg 20 [ECH. 0l Al0IA sing JF 90 °© & [H
2(Linitlone) O S22 OH&ES PSi o 2EE W JIS(Pore)l 2010 2fdH

ERSECIB
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Figure 12. DBR Porous Silicon of reflectivity spectrum

3.2. Detection result of Naphtha vapors by DBR Porous
Silicon — WL(White Light)

VOCs dIMZ2M2 SE4H2 &0lst)| fol H&EE DBR 24 A2l20 &
JI20H(Tolene, Benzene, N-hexane)Jt & H&S OIXI=X SQIGHHLEH.
Table 3 2 & &0 AIE & RIIZ0H(Tolene, Benzene, N-hexane)S2| 25T,

1 atmOil A2l SI| 5= LEHHATH

Vapor Pressure mmHg
Toluene 26
Benzene 80.85
N-hexane 121.26

Table 3. Organic Solution Vapor Pressure (25, 1latm)
Table 3 HIA OI24&2 KIS0 SI122 Toluene < Benzene < N-hexane Ol
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ch= JS SQIGIRACEH. &M AEUHAST DBR Cta34 &Ac|20 SHMdsS XA
ot Toluene, Benzene, N-hexane2l ZJIE =2UHEWH =ASM, 653nm0ilA
Toluene2l &A% 17 nm, Bezene2l &< 48 nm, N-hexane2l Z< 71 nmJt OIS
St2 Figure 110lM ZQIGIACEH. Ml JIXl RII20HE HlWoIUEM 0ls =
2 Olast Btk 20l Toluene < Benzene < N-hexane =22 LIEILIQAC
=, A JHX |IJIZ0H0 28t HEOIs2 SR HiAeChl oHag =
UCE.

4000 - \ﬂ n .
\ \ | \ — Fres
3500 - / | — Toluene
’ \ — Benzene
| — Hexane
3000 | “
= 2500 v f
£ 2000 +
w
=
2
= 1500 -
=
1000 -
T
500 |

0 1 1 1 I
500 600 700 800 900 1000

Wavelength (nm)

Figure 13. Reflectivity peak shift according to Organic Solution Vapor

Pressure

Est, 22l= RIIE0 (Hexane, Benzene, Toluene)ll SII X0l CHst ThH&
BH3lE ZH™Hol)| ol S0 212 Ha) 2 IHAOlsSsS &92156H)|
ot =S XM LD AEe X2 Figure 10 2 WEUA H HMW U
B} S HW U Sz

ALOIOI Ar JtADE EIoF 2 = UXZF ol =52
|
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Jlgh =08k OtLlet 2l&2el J1810 EH0 2AESC. otXe 0 AFR0MM=E
=26t DBR &clE 22 MGIAII0 =IIS0He SO0l TetAd THEOI
Hstot=2Z &0l g = JUJULt
80[—
70 - &
E 60 -
£
s 50 "
7 ®
= 40
éﬂ @
o i ]
> 0 @ Hexane
s & Benzene
; 20 - : ® Toluene
10 #
&
0 1 ] ! L 1 ]

0 20 40 60 80 100 120 140
Vapor Pressure (mmHg)

Figure 14. A plot for the relationship between the different vapor

pressures of three analytes and change of wavelength

3.2. Detection result of Naphtha vapors by DBR Porous

Silicon — Laser
SensoraM el O olZsl 25 20t2J] 5t 400-1000 nm JDHXl &S
= AR Al LASER(Light Amplification by Simulated Emission of
Radiation) light source (Aen = 653nm)S 0l 26t0 sensing &S GHAULE.
Figure 15 Ol 250l Toluene (1016) < Benzene (827) < Hexane (571) =&
O AZEEAMO0 O IAAH UEL ZWE 2 &= JURULH Ol B2 =

ol BHAI AHEZ @32 0ls2 ZW2F 20 Hexane, Benzene, Toluene

=
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o BJ|gez Qlst RIISIILXIt Porous Silicon2 IS0 MEAXN=E =&
of ek A& 8% 25 O2lese JAS € = UL
4000 - i
3500 | /\
[l fnash
3000 | K\ e
;:/ 25000 L |‘ Hexane
= |
£ 2000 - /\
5
= 1500 - /
1000 - R
. f
300: "//f\“
0 I 1 ! a— ! J
500 550 600 650 700 750 800
Wavelength (nm)

Figure 15. DBR Porous Silicon of reflectivity spectrum under Laser
2l HEE DBR Chad aldlZ &0l 2340 Ot Bt=42 &0I6H)|
ot Med AEZES AAIGHICEH. & 500 sec =0 AAIGHH 120/4ate] 2H=A
£ 51 SensingsS 33 XEGIHCH. JI2 IntensityE 400002 UFE & K
JIZ0HS BIIE RYAIIH S0 T2t Intensitydt CIEAH RO0tKl=
ZME =X, Figure 16 2| HIOIHE ¥ £ UL,
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Figure 16. Reproducibility of VOCs Sensing

(A) Hexane, (B) Benzene, (C) Toluene
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4. Conclusion
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